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Introduction
Cleft lip and palate (CLP) is among the most frequent 
congenital malformations, its incidence varying from 1 to 
7/1000 newborns (1). Failure of fusion of the maxillary and 
medial nasal prominences or between the palatal processes 
results in clefts of varying extent, unilaterally or bilaterally. 
Compared to general population, CLP is associated with a 
higher percentage of dental anomalies, such as variation in 
tooth number and position, well as feeding and speaking 
clearly (2). There is a big variety of CLP with a big range of 
severity. We can classify them by means of different indices 
created for CLP cases: the GOSLON Yardstick is the most 
prevalent one, possibly due to a longer time in use, while 
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the MHB outperformed the rest of the indices for an ideal 
index1. It is the authors’ recommendations that the MHB In-
dex be used to assess the malocclusions of all clefts of the lip 
and/or palate of all ages and to standardize the measurement 
of outcomes in cleft lip and palate patients’ malocclusions in 
order to facilitate international inter-centre studies and allow 
for the optimization of cleft treatment protocols (1).
The prevalence of hypodontia in cleft lip and palate 
seems to increase with the cleft severity (2). Shapira found 
that hypodontia was present in 77% of non-syndromic cleft 
children (3).  In general, tooth missing is about 10 times more 
frequent on the cleft side, with left prominence  (4, 5).
The aim of current treatment protocols is the restoration 
of bone and soft tissues continuity and oral rehabilitation, in 
order to return to a correct speech and masticatory function, 
as well as an aesthetically satisfactory result. Cleft patients 
are usually treated by a combined approach, which involves 
the collaboration of maxillofacial surgeons, orthodontists, 
speech therapists, oral surgeons and prosthodontists (6, 7). 
Rehabilitation should be planned, when possible, before 
surgical treatment, in order to cooperate with the maxillo-
facial surgeon in choosing the most appropriate restorative 
treatment (8). 
Primary grafting includes palate closure (after lip closu-
re) by the age of 1 year ,but today it isn’t the golden choice 
because it leads to unfavorable growth compared to later 
conventional graftings (9).
Secondary bone grafting, suggested by Boyne and Sands, 
is usually performed during the mixed dentition (years 8-11) 
and it seems to be a successful method to allow for rehabili-
tation of alveolar cleft patients (10,11). It ensures functional 
and aesthetic results, re-establishing the alveolar bone profile 
and allowing the closure of oro-nasal communications.
Combined to orthodontic treatment, the grafting should 
eventually contribute to obtain a uniform upper arch with 
adequate sagittal and transversal width (12), the stabilization 
of the jaw segments, and osseous support for the alar base 
(10). With the result of a stronger alveolar bone in the area 
of the teeth neighboring the cleft, the bone graft should 
also permit movement of adjacent teeth, and the eruption of 
them through the transplant into the cleft (12). According to 
literature, the best results of alveolar bone grafting in cases 
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of secondary osteoplasty were obtained when the lateral 
incisor or canine had grown into the transplant and had led 
to a functional stress of the transplanted bone (10). These 
preconditions allow normal possible dentition to develop 
without any skeletal disharmonies and to form a regular 
anterior tooth overjet and overbite (13).
When one or more teeth are missing in the cleft area, 
implant placement in adulthood is the most viable option in 
terms of function and aesthetics, preferable to a removable 
prosthesis, fixed on natural teeth prosthesis or adhesive 
prosthesis (14): implants rehabilitation offers aesthetical 
advantages, fits more comfortably young patients, preserves 
healthy tissue of the adjacent teeth, functionally loads the 
bone graft, thus preventing its resorption (15).
As the secondary bone grafting is usually performed 
between 8 and 11 years old, and in any case before canine 
eruption, whereas implants should not be placed in growing 
phase, several years elapse before implant rehabilitation. . In 
agreement with Steinberg et al. (1999), it is therefore often 
necessary to perform a new graft (tertiary bone grafting) 
before implant placement, as to obtain an adequate space for 
correct implant placement and an aesthetically satisfactory 
contour of the alveolar process (16).   
Reconstructed patients involve multidisciplinary ap-
proach and are more difficult to rehabilitate; treatment is 
also influenced by other clinical parameters: gingival tissue 
could need a periodontal surgery intervention and soft tissue 
damage could require a plastic surgery (17,18). 
There are many literature investigations about secondary and 
tertiary bone grafting in CLP cases
According to the article by Takahash et al.,  authors 
reported their experience with 16 patients (8 males and 8 fe-
males) who were submitted to secondary grafting of alveoli: 
they placed dental implant in grafted alveoli using particulate 
cancellous bone and marrow from the iliac crest (19). Mean 
age at first graft surgery was 14.1±5.3 years, while mean 
age at first implant placement was 19.1±4.7 years. Authors 
wanted to demonstrate that dental implants are beneficial 
for maintenance of the grafted bone. They managed this 
purpose by making radiological evaluations of the marginal 
bone and the interdental alveolar bone height in a follow-up 
period of an average of 8.6 ± 0.6 years. 
As regard investigations about tertiary bone grating, 
most of them are made in adult patients who received this 
treatment as second surgery after the starting lip closure: they 
directly had  tertiary grafting without secondary one.
This is the case, for exemple, of the patients studied in the 
article by Ronchi, Chiapasco et al. They led the surgical and 
prosthetic care of three adult patients  affected by sequelae of 
cleft lip and palate, with residual alveolar cleft and absence 
of maxillary anterior teeth. In their experience, patients were 
treated with tertiary bone grafting (as second surgery after 
palate closure) of the alveolar cleft followed by the insertion 
of endosseous titanium plasma-sprayed implants after 6 or 
12 months. According to these authors, dental prostheses 
supported by endosseous implants in grafted alveolar clefts 
are a very reliable possibility in dental rehabilitation of this 
malformation (20). 
Further evidences about tertiary graftings benefits were 
documented in a retrospective study by Dempf et Al. In this 
case 91 patients (2 with unilateral and 49 with bilateral clefts) 
received a total of 140 osteoplasties and 47 of them were 
tertiary osteoplasties planned in order to place an endosseous 
implant for prosthodontic indications. Approximately good 
results were to be found in tertiary osteoplasty when the 
transplanted bone had been stressed functionally through a 
dental implant (10).
  The aim of this retrospective study was to evaluate the 
outcome of dental implants placed in tertiary grafted alveolar 
cleft sites with a previous secondary grafting compared to 
only secondary grafting, particularly focusing on the aes-
thetic perception that patients had of themselves before and 
after the treatment.
Methods
Between 2009 and 2012, fourteen alveolar cleft patients 
(nine female, five male, aged from18 to 22, mean age 19) 
were treated for tooth missing in the cleft area with implant 
rehabilitation, for a total of 16 implants placed (table 1). 
All patients involved in this study had received secondary 
N° Sex Age (years) Implant location Tertiary grafting Implant brand Aesthetic satisfactory 
(range 1-10) at the end
1 F 20 22, 23 YES TM Zimmer 9
2 F 20 22 NO 7
3 M 20 23 YES 9
4 F 22 13 YES 10
5 F 20 21 YES 9
6 M 18 22, 23 YES 10
7 F 19 12 YES 10
8 M 21 13 YES 9
9 M 19 21 YES 9
10 F 18 12 NO 8
11 F 20 22 YES 10
12 M 19 22 NO 9
13 F 20 22 NO 8
14 F 21 23 YES TM Zimmer 10
Table 1. Patient and treatment characteristics
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bone grafting between 8 and 11 years old. This study was 
carried out in accordance with the ethical standards of the 
1964 Declaration of Helsinki and informed written consent 
was obtained from each patient.
All of the patients had indication to receive a further 
grafting in order to improve their bone quantity and quali-
ty, but not all of them wanted to be operated again: of the 
fourteen ones selected, eleven received tertiary bone grafting 
six months prior to implant placement. 
The tertiary bone graftings had been realised with hete-
rologous cancellous particulate bone and collagen resorbable 
membranes and a tension free suture was always performed 
over the graft. The site was accessed again after a healing 
period of six months for implant placement, in order to allow 
proper bone maturation.
One hour before surgery (bone graft and implant place-
ment), prophylactic antibiotic therapy was administered to 
the patients: 2g of amoxicillin and clavulanic acid or, in case 
of penicillin allergy, 500 mg of azithromycin. Chlorhexidine 
digluconate 0,12% mouthwash was prescribed every day for 
seven days after surgery. Patients were provided with written 
instructions for oral hygiene and were advised to follow a 
soft diet for four to five days postoperative.
All implants were placed after flap elevation and were 
then submerged and allowed to heal from four to six mon-
ths. At surgical uncovering, healing collars were placed 
and left in place for three weeks. Temporary crowns were 
then cemented and left in place for one month to allow 
soft tissue maturation. The restorations were finalized with 
ceramometal-cemented crowns.
Implant rehabilitation evaluation was performed with 
clinical and radiographical monitoring during recall visits. 
In addition, all patients were questioned to give a 
score from 1 to 10 (1 for totally unsatisfactory, 10 for 
totally satisfactory) to their aesthetic satisfaction of their 
smile before and after implant rehabilitation and during 
pre-surgery provisional rehabilitation (partial removable 
prosthesis or adhesive type Maryland Bridge) (Tab. 2). The 
null hypotheses of independence of the results were tested 
by Student t test. 
Results
Post-operative course was uneventful in all cases. No 
implant was lost before loading or presented clinical or 
radiological signs of failure during recall visits (minimum 
follow-up was of two years). It’s important to considerate 
some factors which had influenced the success of the graf-
tings (21): positive predictive factors are, for exemple, a 
generous transplant volume, 6 months latency, a sufficient 
implant dimension, an early adulthood; negative predictive 
factors are spongiosa or milled-bone transplants, dehiscence, 
smoking, and anorexia. 
In patients who did not undergo tertiary bone grafting 
implant positioning was strongly influenced by bone quan-
tity (22). 
The average score given by the fourteen patients to their 
smile before any prosthetic rehabilitation was 4.6 (M=5.8, 
F=4). After pre-surgery rehabilitation (partial removable 
prosthesis or adhesive type Maryland Bridge), average score 
was 6.7 (M=7.2, F=6.4), and after implant rehabilitation was 
9 (M=9.2, F=9). The results were statistically significant.
Although average score after implant rehabilitation 
was 9, it was calculated a statistically significant difference 
between patients who underwent tertiary grafting (score 9.5) 
and those who did not (score 8) (p<0,01)
           
Discussion
According to systematic reviews, success rate for im-
plants placed in native bone is of 97% after 7 years (23, 
24). Reported success rate for implants placed in the area 
of an alveolar cleft after bone grafting is from 80% to 90% 
(25-26): when one or more teeth are missing in the cleft 
area, implant placement in adulthood is the better option 
for function and aesthetics, contrasting bone grafting areas 
resorption (15, 27). Good stability of the denture is provided 
and speech, mastication and deglutition are improved28. 
In conformity with  the results of this study, we can affirm 
that at the end of their prosthesis rehabilitation patients who 
received tertiary bone grafting are more satisfied than those 
who had secondary bone grafting only (9.5 vs 8): we can 
link tertiary bone grafting with more final bone quantity and, 
consequently, more aesthetics. 4 patients of the total 10 with 
tertiary grafting expressed a maximum level of aesthetical 
satisfaction, as a 10/10, while only one from second grafting 
patients was satisfied as 9, being lower the others values. 
Then, we found the same level of satisfaction for  both the 
women and the men group at the end of their prosthetic 
rehabilitation over implants.
The tertiary grafting procedure increased the vertical 
alveolar height , in order to obtain an adequate positioning 
of implants which can assure more quality in the prosthesis 
and a correct smile line, lower and more aesthetic than 
before (12). This effect is fundamental especially in the 
cases in which the vertical growth deficit was done to the 
missing lateral incisor (Fig. 1,2): in the group of tertiary 







1 3 5 9
2 4 6 7
3 6 7 9
4 4 6 10
5 3 5 9
6 5 6 10
7 5 8 10
8 6 8 9
9 5 7 9
10 5 7 8
11 5 8 10
12 5 8 9
13 5 6 8
14 4 7 10
Table 2. Patient aesthetic satisfactory, scored from 1 to 10 (1.., 10)
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osteoplasties, we found less cases of incisal infraocclusion. 
In our opinion,  that is due to the fact that less height of 
the bone can be compensated easier by prosthetic mean9. 
Also the gingival contour became more regular and natural 
because of hard and soft tissues disponibility, even if it ta-
kes time until the final contours are reached because of the 
scarring of the mucosal tissues resulting from the  previous 
operations. On the contrary, patients with only secondary 
grafting presented more irregularities in the gingival line 
and interdental papillae are frequently absent, but a low lip 
line luckily masked this characteristic (12, 24). Then, we 
have to consider that  in LPC patients, aesthetic impact is 
mainly localised around the nasal aperture on the cleft side, 
resulting in displaced nasal cartilages, and hypoplasia of 
the pyriform rim, that affects the nasolabial complex and 
results in significant nasal asymmetry (9). Facial deformity 
and the most important defects of the nasolabial complex 
can be corrected with rhynoplasties ad oral secondary bone 
graftings, but they cannot be solved completely: the canina 
Fig. 1
Fig. 2
and lateral incisor area, after secondary graftings,  mantain 
some depression and the tertiary grafting can provide a so-
lution by filling it with bone (29) (Fig.1,2). Consequently, 
patients are likely to obtain a more natural profile of the 
bone prominence in the cleft area. 
In accordance with our retrospective study, we can affirm 
that the patients who received tertiary grafting have a stron-
ger predictability of the aesthetics satisfaction. In this study 
we don’t provide objective information about the quantity 
and quality differences of regenerated bone between the 
two groups, but we can say that tertiary grafting is the most 
predictable outcome as aesthetics. Economic cost of the 
surgery, rejection of the patient to be re-operated and longer 
rehabilitation time represent some of the disadvantages of 
this procedure (10, 30-33).
 These are the reasons why 3 of the 14 patients rejected 
the extra surgery.
An important limit of this retrospective study is that 
patients’ follow up is very short, minimum 2 years but ma-
ximum 5 years, with high variability for each case. Bone 
reabsorption after grafting is something important to be 
observed in the long term: the aesthetics of the prosthesis 
can be influenced and patients’ satisfaction could change 
in a longer follow up. Furthermore, donor site morbidity, 
local growth, and tooth breakthrough require additional 
observation in prospective studies when implant insertion 
should directly follow the growth spurt (21).  
 
Conclusion
The small number of this study limits firm conclusions, 
and further investigation will be needed. Anyway, the results 
suggest that although secondary grafting is sufficient in a 
selected number of cases, the best implant positioning and 
soft tissue adaptation is achieved with additional tertiary 
bone grafting, thus allowing better aesthetic outcomes and 
patients’ satisfaction. We are going to follow up  these pa-
tients and to analyse further outcomes in the long term.
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